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Introduction
Pediatric infections involving anaerobic bacteria include
speciﬁc infections such as botulism (infant botulism), tet-
anus, actinomycoses, antibacterial drug-related enteritis
and necrotizing enterocolitis, as well as the various general
infections shown in Table 1 [1, 2]. Speciﬁc infections are
described elsewhere. Therefore, general infections in the
pediatric ﬁeld, involving anaerobic bacteria, are described
herein.
Pediatric infections in which anaerobic bacteria
are involved [1, 2]
Infections involving anaerobic bacteria, risk factors for
these infections, and anaerobes as the causative microor-
ganisms are summarized in Table 1. Anaerobic infections,
except for those such as botulism and tetanus, are endog-
enous. In other words, they result from invasion of ordinary
anaerobic bacteria, which comprise indigenous bacterial
ﬂora in the human oral cavity or intestinal tract, into sterile
sites in response to membrane and dermal ruptures, and
from abnormal proliferation (growth) in response to
microbial substitution. Therefore, these infections are more
likely to develop in pediatric patients with underlying
abnormalities (immunosuppressive state, renal failure,
malignant tumors, chronic infections, tissue damage in the
postoperative/post-traumatic conditions, shock, vascular or
hematogenous disturbances, etc.), rather than in pediatric
patients without such underlying disorders. There are var-
ious sites of infection. There are also many cases showing
mixed infections with aerobic bacteria existing at the site
serving as the gateway to invasion, leading to abscess
formation.
Central nervous system infections
Central nervous system infections include brain, subdural
and epidural abscesses. Anaerobic bacteria have been
believed to be involved in 80% or more of pediatric brain
abscess cases [2]. Although it is rare for anaerobic bacteria
to be involved in meningitis, these infections may be
associated with neonatal auditory and cervical infections
with Fusobacterium spp.
Among risk factors for the development of brain
abscess, chronic otorhinolaryngological inﬂammation, i.e.,
otitis media, sinusitis and mastoiditis, as well as direct
factors including head injury and neurosurgery, and the
presence of cardiac diseases of the cyanotic type are
important [1–3]. Pulmonary diseases, which are regarded
as a factor predisposing to brain abscess in adults, are not
important in pediatric cases.
Upper airway infections
It is highly probable that anaerobic bacteria are involved in
chronic sinusitis, chronic otitis media, peritonsillar abscess,
retropharyngeal abscess, deep neck infection (abscess) and
dental infections. Some reports have shown that anaerobic
bacteria are isolated in most chronic sinusitis cases and
30–50% of chronic otitis media cases [1, 2, 4, 5].
Lemierre’s syndrome, which is associated with infec-
tions of the lateral pharyngeal space, accompanies jugular
thrombophlebitis and causes septic emboli in the lungs and
central nervous system [1, 2]. The frequency of this
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Table 1 Pediatric infections involving anaerobic bacteria (excluding speciﬁc infections)
Sites of
infections
Types of infections Major risk factors Anaerobic bacteria as causative
microorganismsa
Central nervous
system
Brain abscess
Subdural abscess
Epidural abscess
Sinusitis
Otitis media
Mastoiditis
Bacteroides fragilisb
Fusobacterium spp.
Peptostreptococcus spp.
Parvimonas micra
Veillonella spp. (Mixed infections)
Upper airway Dental abscess
Ludwig’s angina (Bilateral cellulitis
of the submandibular, sublingual and mental
regions, due to dental diseases)
Necrotizing gingivitis (Vincent’s stomatitis)
Chronic otitis media/chronic sinusitis/chronic
mastoiditis
Peritonsillar abscess
Retropharyngeal abscess
Inadequate oral hygiene
Administration
of drug(s) causing gingival
swelling
Peptostreptococcus spp.
P. micra
Fusobacterium spp.
Prevotella melaninogenica
Lower airway Aspiration pneumonia
Necrotizing pneumonia
Lung abscess
Pyothorax
Periodontal diseases
Obstructive respiratory disease
Dysphagia
Disturbance of consciousness
P. melaninogenica
Fusobacterium spp.
Peptostreptococcus spp.
P. micra
Eubacterium spp.
B. fragilis
Veillonella spp. (Mixed infections)
Intraabdominal
cavity
Intraabdominal abscess
Secondary peritonitis
Appendicitis
Perforating injury (particularly
of the large intestine)
B. fragilis
Other Bacteroides spp.
Clostridium spp.
Peptostreptococcus anaerobius
Finegoldia magna
P. micra
Peptonipilius asaccharolyticus
Eubacterium spp.
Eggerthella lenta
Fusobacterium spp. (Mixed infections)
Female genital
organs
Bartholin abscess
Tubal/ovarian abscess
Endometritis
Pelvic cellulitis
Pelvic thrombophlebitis
Salpingitis
Chorionic inﬂammation
Septic abortion
Vaginal diseases
Intrauterine devices
B. fragilis
B. bivius
P. anaerobius
F. magna
P. micra
P. asaccharolyticus
Clostridium spp.
Mobiluncus spp.
Actinomyces spp.
Skin/soft tissue Cellulitis
Perirectal cellulitis
Muscular necrosis (gas gangrene)
Necrotic fascia (Necrotizing fasciitis)
Synergistic gangrene
Decubital ulcer
Abdominal wound
Pilonidal cyst
Trauma
Bite wound (human and animal)
Immunosuppression/
granulocytopenia
Clostridium perfringens (gas gangrene)
Bacteroides spp.
Fusobacterium spp.
C. tertium
C. septicum
Anaerobic streptococci (vary among sites
of infection) (Contamination with
indigenous bacterial ﬂora from the oral
cavity and intestinal tract)
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syndrome being caused by Fusobacterium necrophorum, is
high, and many Lemierre syndrome cases manifest with
mixed infections.
Deep neck infection (abscess) is characterized by the
association of pyrexia, pharyngodynia, swallowing difﬁ-
culty and difﬁculty in jaw opening.
Lower airway infections
Like adult cases, pediatric cases with swallowing problems
may have pneumonia, lung abscess and/or pyothorax,
involving anaerobic bacteria [1, 2]. In secondary infections
associated with a foreign body in the airway, involvement
of anaerobic bacteria must be suspected [1, 2]. In ventila-
tor-associated pneumonia (VAP) as well, which has
become an issue in recent years, involvement of anaerobic
bacteria should also be considered [2].
Intraperitoneal infections
Both anaerobic and aerobic bacteria, which are indigenous
to the intestinal tract, are involved in many cases of peri-
tonitis or intraabdominal abscess secondary to infections,
trauma, intestinal perforation accompanying circulatory
disorders, acute appendicitis, intestinal obstruction and
intussusception, as a mixed infection pattern [1, 2]. In such
situations, sepsis due to anaerobes, which rarely develops
under routine conditions, may also occur.
Genital organ infections
In female genital organ infections as well, which include
tubal/ovarian abscess, endometritis, chorionic inﬂamma-
tion and vaginitis, the frequency of mixed infections
with anaerobic and aerobic bacteria is high. Chorionic
Table 2 Findings suggesting anaerobic infections
1. The sites of infections are continuous with those (oral cavity, gastrointestinal tract and urogenital organs) where anaerobes are present as
indigenous bacterial ﬂora
2. These infections are highly malodorous
3. Tissue necrosis, gangrene, fascial infection and abscess are associated conditions
4. Gas production is recognized in the tissue (Squeaks are heard upon palpation, and air in tissue is recognized on X-P)
5. No bacteria are detected in routine aerobic cultures
6. Antimicrobial drugs which are effective only against aerobic bacteria (e.g., aminoglycosides), are ineffective
7. Various symptoms due to toxins (botulism, tetanus, gas gangrene, pseudomembranous colitis, etc.) are recognized
8. Presenting diseases as shown in Table 1
9. Sterile abscess
10. Septic thrombophlebitis
11. Septic syndrome with intravascular hemolysis and jaundice
12. Coexistence of a plurality of bacteria is revealed by Gram staining
Modiﬁed from Ref. [1]
Table 1 continued
Sites of
infections
Types of infections Major risk factors Anaerobic bacteria as causative
microorganismsa
Sepsis Intraabdominal infections
Abscess
Muscular necrosis
(gas gangrene)
Infections secondary to
necrotizing fasciitis
B. fragilis
Clostridium spp.
Anaerobic streptococci
a The frequency of mixed infections with aerobic bacteria is high: Streptococci in brain abscesses, Gram-negative enteric bacteria and
Enterococci in intraabdominal infections and gonococcus and Chlamydia trachomatis in salpingitis
b Bacteroides fragilis is usually isolated from subphrenic sites of infection, with the exception of brain abscess
Modiﬁed from Ref. [1]
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Table 3 Antimicrobial therapy for anaerobic infections in the pediatrics ﬁeld (excluding speciﬁc infections)
Sites of
infections
Anaerobes as causative bacteriaa Antimicrobial therapy
Central nervous
system
Bacteroides fragilisb
Fusobacterium spp.
Peptostreptococcus spp.
Veillonella spp. (Mixed infections)
Intravenous (i.v.) administration of carbapenems (meropenem, panipenem/
betamipron) at increased doses
Intravenous administration of chloramphenicol
Upper airway Peptostreptococcus spp.
Fusobacterium spp.
Prevotella melaninogenica
Oral administration of clavulanic acid/amoxicillin
Oral administration of amoxicillin (for genus Peptostreptococcus)
Oral or i.v. administration of clindamycin (in case of i.v. administration,
combined use with b-lactams is recommended)
hIn case of abscess formationi
Intravenous administration of penicillins with b-lactamase inhibitors
(sulbactam/ampicillin, tazobactam/piperacillin)
Intravenous administration of carbapenems (meropenem, panipenem/
betamipron, imipenem/cilastatin)
Lower airway P. melaninogenica
Fusobacterium spp.
Peptostreptococcus spp.
Eubacterium spp.
B. fragilis
Veillonella spp. (Mixed infections)
Intravenous administration of penicillins with b-lactamase inhibitor
(sulbactam/ampicillin, tazobactam/piperacillin)
Intravenous (i.v.) administration of carbapenems (meropenem, panipenem/
betamipron, imipenem/cilastatin)
Intravenous (i.v.) administration of clindamycin (in case of i.v.
administration, combined use with b-lactams is recommended)
Intraabdominal
cavity
B. fragilis
Other Bacteroides spp.
Clostridium spp.
Peptostreptococcus spp.
Eubacterium spp.
Fusobacterium spp. (Mixed infections)
Intravenous administration of new-generation cephems (cefmetazole, etc.)
Penicillins with b-lactamase inhibitors (tazobactam/piperacillin)
Intravenous administration of carbapenems (meropenem, panipenem/
betamipron, imipenem/cilastatin)
Clindamycin (in case of i.v. administration, combined use with b-lactams
is recommended)
Female genital
organs
B. fragilis
B. bivius
Peptostreptococcus spp.
Clostridium spp.
Mobiluncus spp.
Actinomyces spp.
Intravenous administration of new-generation cephems (cefmetazole, etc.)
Penicillins with b-lactamase inhibitors (tazobactam/piperacillin)
Intravenous administration of carbapenems (meropenem, panipenem/
betamipron, imipenem/cilastatin)
Intravenous administration of clindamycin (combined use with b-lactams
is recommended) azithromycin or clarithromycin (when chlamydia
infection is suspected)
Skin/soft tissue C. perfringens (gas gangrene)
Bacteroides spp.
Fusobacterium spp.
C. tertium
C. septicum
Anaerobic streptococi (Vary according to sites of
infections)
(Contamination of indigenous bacterial ﬂora in the oral
cavity and intestinal tract)
Oral administration of clavulanic acid/amoxicillin
Oral administration of amoxicillin (to cases in which the causative bacteria
are sensitive to penicillin)
Oral or intravenous administration of clindamycin (in the case of i.v.
administration, combined use with b-lactams is recommended)
hIn severe casesi
Intravenous administration of penicillins with b-lactamase inhibitors
(sulbactam/ampicillin, tazobactam/piperacillinc)
Intravenous administration of carbapenems (meropenem, panipenem/
betamipron, imipenem/cilastatin)
Sepsis B. fragilis
Clostridium spp.
Anaerobic streptococci
Intravenous administration of new-generation cephems (cefmetazole, etc.)
Intravenous administration of penicillins with b-lactamase inhibitors
(tazobactam/piperacillin) and carbapenems (meropenem, panipenem/
betamipron, imipenem/cilastatin)
Intravenous administration of clindamycin (combined use with b-lactams
is recommended)
a The frequency of mixed infections with aerobic bacteria is high: Streptococci in brain abscesses, Gram-negative enteric bacteria and Enterococcus in
intraabdominal infections and gonococcus and Chlamydia trachomatis in salpingitis
b B. fragilis is usually isolated from subphrenic sites of infection, with the exception of brain abscess
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inﬂammation is a factor predisposing to premature delivery
and neonatal anaerobic sepsis [1].
Skin/soft tissue infections
The frequencies, with which Bacteroides spp., Prevotella
spp. and anaerobic cocci are involved in skin/soft tissue
infections including bite wounds (human and animal),
decubital infection, abscess-forming cellulitis, necrotizing
fasciitis (necrotic fascia), gangrenous cellulitis, gas gan-
grene and burn infection, are high [1, 2].
The possibility of mixed infections with indigenous
bacteria from the oral cavity in bite wound infections is
considered to be high.
Sepsis
Sepsis is attributed to anaerobic bacteria in 5–10% of pedi-
atric sepsis cases. In neonatal sepsis particularly, the
frequency of anaerobic bacterial involvement is high because
of the inﬂuence of bacterial ﬂora in the birth canal [2].
In neonatal or later stages sepsis due to anaerobic bacteria is
likely to develop in immunocompromised hosts [2]. The
frequencies of indigenous bacteria from the oral cavity and
gastrointestinal tract, i.e., Bacteroides fragilis, anaerobic
Gram-positive cocci, Clostridium spp. and Fusobacterium
spp., being the causative bacteria, are high [2, 6].
Characteristics and diagnosis of anaerobic infections
Findings suggesting anaerobic infections are summarized
in Table 2 [1, 2]. For making the deﬁnitive diagnosis,
bacterial examination is conducted to the maximum extent
possible taking into consideration the morbid conditions in
which anaerobic infections are apt to develop. Usually,
anaerobic culture materials include aspirates from the
infectious site, pus, biopsy tissue and blood. Caution must
be exercised to avoid exposing these specimens to air after
collection, and they must be promptly subjected to bacte-
rial culture.
Imaging tests such as ultrasonography and CT are
aggressively utilized for diagnosing abscess formation and
deep organ infections.
Treatment
Surgical treatment
In many anaerobic infection cases, there may be associated
abscess formation, and debris (necrotic tissue) indicates the
infectious lesion(s).
When abscess formation is associated with such infec-
tions, drainage is aggressively conducted, if the site of the
infection coincides with one at which drainage can easily
be conducted via puncture or incision. In the case of a brain
abscess, whether or not neurosurgery is conducted is
judged based on the site of abscess formation and the
presence/absence of ﬁndings of compression by the
abscess, such as a mid-line shift on CT. In intraperitoneal
infection cases as well, surgical treatment should not be
delayed.
When the debris (necrotic tissue) reveals the infectious
lesion, debridement is aggressively performed.
Antimicrobial chemotherapy
The main treatment is chemotherapy with antimicrobial
agents.
The following two points must be considered when
selecting antimicrobial agents: Many cases show mixed
infections with aerobic bacteria; many strains of anaerobic
Gram-negative bacilli produce b-lactamase. The antimi-
crobial agents that are effective against anaerobic bacteria
include metronidazole, penicillins with b-lactamase inhib-
itors, carbapenems, new-generation cephems (cephamycins
such as CMZ), CLDM, and chloramphenicol (CP) [2, 6].
For mixed infections, broad-spectrum antimicrobial agents
(carbapenems, penicillins with b-lactamase inhibitors) or
the combined use of penicillins or cephems and CLDM is
selected as empiric therapy. After the causative bacteria
have been identiﬁed, the drug(s) is (are) changed to the
most appropriate one(s) available. VCM is also effective
against Gram-positive bacteria. CP is not the primary
alternative drug because of myelotoxicosis, but it is useful
for treating abscesses of the central nervous system, which
includes brain abscess, since CP shows an extremely good
penetration into the central nervous system. For brain
abscesses, in which the efﬁcacy of b-lactams alone is
inadequate, the combined use of CP is adopted with
attention to bone marrow suppression.
Selection and methods of using antibacterial drugs for
various anaerobic infections are summarized in Table 3.
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